Abstract
6
The variation of sample surface pH was achieved by a curing process. Mortars were 116 subjected (called carbonated mortars) or not (called uncarbonated mortars) to ageing by 117 accelerated carbonation prior to the start of biofouling test.
118
After mixing, the fresh mortar was casted into 50 cm × 50 cm × 1 cm extruded polystyrene respectively. For the carbonated samples, the fresh mortar was stored in the aforementioned 123 conditions for only 7 days before being cut. This premature curing end aimed to shorten the 124 total duration of specimen production and to obtain the closest total storage time as possible 125 between carbonated and uncarbonated samples.
126
The samples were then exposed to pure CO 2 at 21 ± 1 °C and 65 ± 5 % of relative humidity days of curing and carbonated after 7 days of curing and 36 days of accelerated carbonation.
142
They were beforehand dried by acetone to evacuate the open pores.
143
To obtain several surface roughnesses, three surface finishing methods were applied during 
169
In laboratory experiments, specimens with dimension of 20 cm × 8 cm × 1 cm were tested 170 in triplicate for each material. Carbonated and uncarbonated samples were tested separately.
171
Therefore, 18 samples were introduced in the test-chamber for each experiment.
172
The field-scale experiments consisted in a natural development of microorganisms on which the first was located at 1 m above the ground to avoid splashing during rainy periods.
184
The contamination between specimens by water flow was also avoided (Fig. 1) . 
Evaluation criteria of biofouling

193
The biological colonization of mortar surface was evaluated by means of image analysis 194 and colorimetric measurements.
195
Concerning the image analysis, the surface of samples was digitized using Epson V300 The colorimetric measurements were performed using colorimeters (Minolta CM-2600d 
Results
213
Characterization of materials
214
The porosity, the surface pH and the roughness of each mortar are given in The total porosity of uncarbonated mortars varied from 37 to 39 %, which is coherent with 222 the literature (Monge 2007). The mortars with the highest w/c ratio were slightly more porous.
this w/c ratio is high, its effect on the total porosity is attenuated.
225
The carbonated mortars were less porous than the uncarbonated ones, i.e. 32 % for 1C 226 against 37 % for 1UC and 36 % for 1.2C against 39 % for 1.2UC. It is known that the 227 carbonation leads to a reduction of pore volume. Houst (1992) noted that this reduction of the 228 total porosity is even more enhanced by a low w/c ratio.
229
Depending on the curing process, two levels of surface pH were obtained. The surface pH 230 reached 11 with the standard curing (uncarbonated samples) and 9 by accelerated carbonation.
231
Moreover, no effect of the w/c ratio on the surface pH was detected. Indeed, the same value of 232 surface pH was measured for both w/c ratios.
233
Three levels of roughness were obtained whatever the curing process and the w/c ratio. The 234 smoothest surface (R1), without reliefs, was achieved by the method of finishing to the rule.
235
The rougher surfaces were obtained by scratching the sample surfaces with sponges. Both 236 strong reliefs and asperities appeared on the roughest surface (R3). Moreover, a remarkable 237 discrimination between the highest roughness (R3) and the intermediate one (R2) was 238 observed. In fact, the R a values were 2.5 to 5 times higher for R3 than for R2. As a 239 comparison, the difference between the R2 and R1 was only about 1.5 times. In the lab test, the algal colonization curve was of sigmoid type. Three steps can be 305 identified: a latency step, an exponential growth step and a step of stagnation. For each 306 roughness (R1, R2 and R3), no effect of the w/c ratio was identified on algal coverage. In fact,
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for the roughest mortars (R3), the fouling rate evolved quite identically. The algal 308 colonization appeared after 6 testing days and the entire surface was covered after 30 days.
309
For the two other roughnesses, with such experimental standard deviation, the colonization 310 rate of the less porous mortars (1C) could be considered similar to the one of the more porous 311 mortars (1.2C).
312
Unlike in the accelerated test, in the real conditions, an effect of the w/c ratio was detected. Indeed, an increase in the color intensity was detected between 4 and 28 days of exposure.
327
Then, no color evolution was observed since the 28th days of testing, corresponding to the 328 necessary time for a complete biofouling. 
Effect of the roughness
330
For the bench-scale test, the biofouling rate was obviously influenced by the surface 331 roughness of samples (Fig. 6a) . The effect of the three levels of roughness tested on the 332 biofouling were quite distinct, whatever the w/c ratio (1 and 1.2). The smoothest roughness
333
(R1) exhibited the lowest colonization rate and the highest latency time. Indeed, the latency 334 time was around 18 days of testing for roughness R1, against 9 and 6 days for roughness R2
335
and R3, respectively. Similarly, the complete colonization was achieved more quickly on the 336 rougher mortars, i.e. in 30 days for R3, against 51 and 56 days for R2 and R1, respectively.
337
Furthermore, the curve slope evolved in the same way as the roughness during the exponential growth phase. The more the roughness was high, the more the colonization was 339 quick.
340
The roughness impacted also the biological development of mortars exposed in the real-341 world (Fig. 6b) . However, unlike bench-scale test, only two grades of roughness (i.e. rough The carbonation seemed to be the most decisive parameter on the bioreceptivity of mortars, the slope of the curve was greater for carbonated mortars than for uncarbonated ones.
370
In the field-scale test, it seems that the accelerated carbonation did not result in different 
385
The color evolution of the surface of the samples, for both laboratory and in-situ tests, was 
390
The influence of w/c ratio on the accelerated fouling was negligible. The reason is related 391 to experimental conditions rather than to modest difference in porosity between two studied 392 mortars. Indeed, the relative humidity in the laboratory test chamber is permanently very high 393 (i.e. from 80 to 100 %) (Fig. 8) . In this condition, the water content into the samples is always 394 abundant and so is sufficient to the algal development. In order to verify this assumption, the filling rate of pore by water (ε (%)) was calculated 400 (Dubosc, 2000 The humid sample weight was measured 6 times along the diurnal cycle and 2 times along 
422
In natural condition, the impact of the w/c ratio on the colonization rate of samples was 423 exhibited. The microbial fouling seemed to be favored by the highest w/c ratio (1.2).
424
To evaluate the porous network of mortars, analyses were performed after 17 months of 425 exposure to the outdoor conditions. PIM's results indicate a modification of the porous 426 network. Indeed, the total porosity of the 1C-R3 and 1.2C-R3 mortars increased from 32 to 36
427
% and from 36 to 38 %, respectively. Moreover, the single peak characterizing the pore 428 entrance diameter shifted to larger diameters (Fig. 9) . Indeed, the pore inlet diameter, that was promoted by the carbonated of samples (Tran et al., 2012; 2013) .
477
The growth of the algal spots on the sample surface is the consequence of the vegetative 478 and cellular multiplication which is favored at low pH (Škaloud, 2006 
488
In the field-scale test, the influence of carbonation was not highlighted. Indeed, the 489 biofouling of mortars, carbonated or uncarbonated, was detected at the same moment.
490
Perhaps, the favorable climatic conditions and sufficient inoculation conditions were not met 491 at the beginning of testing. In fact, the samples were exposed through the summer. Therefore,
492
spring, the most favorable season for the microorganism spreading and their growth was past. 
Conclusion
500
The present research has investigated the effect of the intrinsic parameters (porosity, 501 roughness and carbonation) of mortars on their biofouling by photosynthetic organisms. This 502 study was conducted by both laboratory accelerated tests and in-situ ones. 
